dynamic interactions and consequent shape-switching to trigger the activation of multiple functionalities 11 . As a proof of concept, our work extensively characterized nanoparticle cube assemblies consisting of six nucleic acid strands with varying numbers of DNA or RNA strands in their composition. The re-association of complementary nanocubes-designated "cube" and "anti-cube"-into duplexes was thermodynamically driven and thus did not require toehold interactions or extensive computational design ( Figure 1 ).
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Variation in DNA/RNA ratios within the nanocube constructs allows for expanded flexibility in fine-tuning properties such as thermostability, immunogenicity, and the rates at which cognate nanocubes re-associate to form duplexes. While previously studied nucleic acid-based therapeutics have shown some promise in overcoming toxicity, immunostimulation continues to inhibit their transition into clinical settings 12 . The immune response to nanocubes of varying compositions was measured via the activation and secretion of type I interferon (INFα) and various pro-inflammatory cytokines and chemokines established as common biomarkers 13 . Results of this test panel indicated that RNA nanocubes may serve as vaccine adjuvants while DNA nanocubes could be used as potential drug delivery agents.
The re-association of complementary DNA nanoparticles was used to co-transcriptionally trigger the formation of RNA nanoparticles by supplementing all six DNA strands of the cubes with split T7 RNA polymerase promoters. In addition, the re-association of complementary DNA nanoparticles was shown to trigger the activation of embedded split RNA aptamers, as visualized using the synthetic RNA aptamer Broccoli 14 .
Upon re-association of the complimentary "Broc" and "Coli" cubes, the completed aptamer bound to the fluorophore DFHBI-1T to mimic the fluorescence of green fluorescent protein (GFP). Furthermore, the re-association of complementary nanoparticles was shown to trigger the activation of energy transfer and RNA interference in cells. Sets of cognate cubes functionalized with split Dicer Substrate (DS) RNAs against either BCL2 and PLK1, targets Abstract: Nucleic acids are biocompatible, robust, and highly versatile polymers that can be used to design fine-tunable and dynamically responsive nanostructures. In this report, we focus our attention to recently introduced concepts of interdependent, cognate nucleic acid nanoparticles assembly that take advantage of dynamic interactions and consequent shape-switching to trigger the activation of multiple functionalities. Particularly, we discuss re-association of thermodynamically driven complementary nanocubes ("cube" and complementary "anti-cube") into functional duplexes that do not require toehold interactions or extensive computational design, bringing a new perspective for utility of nucleic acid nanoparticles as a drug carriers, biosensors, and templates for the formation of siRNA duplexes.
Keywords: RNA/DNA nanoparticles, Nucleic Acid re-association, Complementary nanoparticles Nucleic acids occupy a unique role in nanotechnology as materials which offer both biocompatibility and high versatility in design, allowing for fine-tunable and dynamic responses from a diverse library of possible structural motifs which can serve both as scaffolds and active agents [1] [2] [3] [4] [5] . To optimize the activity of nucleic acid nanoparticles, approaches to assembling dynamic RNA and RNA-DNA hybrid nanostructures have traditionally relied upon computer-assisted design and the use of single-stranded (ss) DNA or RNA toeholds for the resultant activation of switches or strand exchange [6] [7] [8] [9] [10] . We recently introduced the concept of interdependent, cognate nucleic acid nanoparticles that take advantage of shown to down-regulate apoptosis [15] [16] , or against GFP were labeled with fluorophores chosen to undergo Förster resonance energy transfer (FRET). Re-associations were visualized via native-PAGE and FRET both in vivo as well as intracellularly in three different cell lines. Other examples of complementary nanoparticles, both RNA triangles and rings, were designed for the characterization of their re-associations. While native-PAGE showed the same shape-switching interaction in the incubation of triangles and anti-triangles, rings did not show re-association, as attributed to their kissing loop interactions which differed from the exposed bases in the design of cubes and triangles.
While previous nucleic acid-based nanoparticle designs have relied on the use of ssRNA or ssDNA toehold interactions and extensive computational design, this innovative approach requires only two nanoparticles to initiate a dynamic and interdependent response. Through optimization of the thermodynamic and controllable properties, as well as embedded functionalities, their activation can be triggered for transcription into RNA nanoparticles, split aptamer assembly, optical response, and RNA interference.
Overall, the published technique presents a strategy in which conditionally activated and multifunctional nanoparticles can be customized for their utility as vaccine adjuvants and carriers of drugs for the treatment of diseases, as biosensors, or as templates for the formation of different nanoparticles. 
